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METHOD AND APPARATUS FOR CONTACTING 
LIQUIDS BY RECIPROCAL DISPERSION 

Russel L. Maycock, Oakland, and George M. Hartwig, 
San Francisco, Calif., assignors to Shell Development 
Company, Emeryville, Calif., a corporation of Dela 
Wale 

Application March 3, 1954, Serial No. 413,758 
18 Claims. (Cl. 23-310) 

This invention relates to a method and apparatus for 
intimately contacting two or more liquids forming two 
liquid phases having relatively different densities by re 
ciprocal or double dispersion, i. e., by alternately (a) 
dispersing the first liquid into the second liquid and (b) 
dispersing the second liquid into the first liquid. More 
particularly, the invention relates to an improved method 
and apparatus for intimately contacting such liquids by 
countercurrent flow of the two liquids through a con 
fined contacting zone bounded on two sides thereof by 
dispersing members, such as plates having orificial open 
ings, by which a liquid may be introduced as a plurality 
of small filamentary streams into a body of the other 
and thereby be dispersed in the latter. 

This application is a continuation-in-part of our co 
pending application Serial No. 709,008, filed November 
9, 1946, now abandoned. 

It has been proposed by Van Dijck, in U. S. Patent 
No. 2,011, 186, to improve the contacting of relatively im 
miscible liquids of relatively different densities by dis 
persing a heavier liquid downwardly through relatively 
small openings in a preforated plate and into an extended 
body of a continuous phase of a second, lighter liquid that 
is contiguous to the plate and thereafter effecting the 
reverse or reciprocal operation, wherein the lighter 
liquid is dispersed upwardly through the openings in 
such a plate and into an extended body of a continuous 
phase of the heavier liquid, to attain more efficient con 
tacting, such as in an extraction process. Such a se 
quence of operations, wherein a liquid A is first dispersed 
into a continuous body of another liquid B and there 
after the liquid B is dispersed into a continuous body 
of the liquid A is, for brevity, herein referred to as al 
ternately dispersing each liquid into a continuous body 
of the other liquid or, still more briefly, as reciprocally 
dispersing the liquids in each other. . . 
The present invention is in the nature of an improve 

ment on the above Van Dijck method and apparatus, but 
is not restricted to the specific mechanism or flow control 
operations employed for causing the alternate flow of the 
liquids through the dispersing members. 
When the method and apparatus disclosed in the 

aforesaid Van Dijck patent are employed in countercur 
rent contacting processes, such as the solvent extraction 
of lubricating oils and the like, there is a change in the 
relative volumes of the two liquid phases within the con 
tacting zone defined by the walls of the vessel and two 
consecutive perforated plates, caused by the transfer of 
material from one liquid phase to the other or by other 
causes. For example, when one liquid is oil contain 
ing several components and the other is a selective 
solvent for one of such components, there occurs an at 
least partial transfer of one or more such components 
from the oil into the solvent, resulting in a decrease in 
the volume of the oil phase and an increase in the volume 
of the solvent phase. This change in relative volumes is 
progressive as the extraction proceeds and causes a 
progressive change in the interface level between the 
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layers of the lighter and heavier liquids in each contacting 
zone until the thickness of one of the bodies of liquid in 
the contacting zone is reduced to the point at which it 
no longer serves as an effective continuous phase into 
which the other liquid may be dispersed from the other 
side of the perforated plate and attain a significant trans 
fer of solute or component. When that state is reached, 
which may be attained after a relatively small number 
of cycles of the alternate dispersions have been carried 
out, each perforated plate becomes effective only as a 
one-way dispersion plate which, however, is still con 
siderably more efficient than other methods of contacting. 
The following simplified considerations will make it 

clear why such a state must be reached as indicated 
above: Consider only a single, restricted contacting zone 
of fixed volume defined by the walls of a vertical vessel 
and by an adjoining pair of transverse perforated dis 
persing plates extending fully across the column. This 
Zone is filled and contains 100 volume units each of a 
relatively lighter and a heavier liquid, these liquids be 
ing stratified with the heavier liquid resting on the lower 
plate, and liquids in the neighboring contacting zones 
being similarly stratified so that a layer of heavier liquid 
in the higher adjoining zone is in contact with the upper 
side of the upper plate and a layer of lighter liquid in 
the lower adjoining zone is in contact with the lower side. 
of the lower plate. Assume that the alternate relative 
motions of the plate and liquids are such as to force 50 
volume units of liquid through each plate during each 
half of the cycle of operation. Assume further that as 
a result of the indicated dispersions, there is a component 
(solute) transfer from the lighter to the heavier liquid 
and that the relative volume of the lighter liquid de 
creases while that of the heavier liquid increases, the 
absolute volume changes being equal. Now, simul 
taneously with the dispersion of 50 volumes of lighter 
liquid from the said lower zone upwardly through the 
lower plate into the defined Zone, 50 volumes of lighter 
liquid will be dispersed out of the defined zone upwardly 
through the upper perforated plate. But the dispersion 
of 50 volumes of the lighter liquid into the defined zone 
increases the light phase by less than 50 (say only by 40) 
volumes due to solute transfer from the lighter liquid 
to the heavier liquid. Thus, with an effective intake of 
only 40 volumes of lighter liquid and a loss of 50 volumes. 
of this liquid by upward flow out of the zone, there is a 
net loss of, say 10 volumes of the lighter phase, leaving 
now only 90 volumes of lighter phase in said zone. 
Simultaneously, the volume of the heavier phase is in 
creased and now amounts to 110 volumes. Furthermore, 
each subsequent dispersion, regardless of which is the 
dispersed phase, results in a similar transfer of solute and 
an additional loss of volume of lighter phase in the con 
tacting Zone. It is clear, therefore, that eventually the 
volume of the lighter liquid in a given restricted con 
tacting Zone at a given time will become so small that 
the depth of the body of lighter phase lying next to the 
upper perforated dispersion plate will not be sufficient for 
effectively contacting the heavier liquid when the latter 
is dispersed downwardly into said zone from the upper 
plate; thus, it has been found that during such downward 
dispersion of the heavier liquid the jets debouching from 
the openings pass entirely through the thin layer of 
lighter liquid and into the lower body of heavier liquid 
without any appreciable transfer of solute from one liquid 
to the other. - 

In addition to the loss of an effective body of one of 
the liquids, A, into which the other liquid, B, can be 
dispersed, the absence of a sufficient depth of one of the 
liquids, A, in contact with the perforated plate results 
in the passage of both liquids A and B through the plate 
during the part of the cycle when that one liquid, A, alone 
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should be passed therethrough. Thus, when in the exam 
ple of the foregoing paragraph the volume of the lighter 
liquid remaining in the restricted contacting Zone is less 
than 50 volumes, say 30 volumes, and 50 volumes of 
liquid flow upwardly through each dispersion plate in the 
course of half a cycle, all of the 30 volumes of lighter 
liquid are forced through the upper perforated plate early 
during this part of the cycle, bringing the heavier liquid 
into contact with the plate and resulting in the upwardly 
flow of 20 volumes of the latter through the perforated 
plate. This recycle or return flow of a portion of one 
of the liquid, B, into a body of the same liquid, B, in. a. 
previous zone from which it had previously been dis 
persed, represents a loss in capacity in two ways: First, 
recycling of liquid B reduces directly the net throughput 
thereof and, second, since the total volume of liquid 
forced through the plates per half-cycle is fixed, any re 
cycle of the liquid B decreases the amount of the other 
liquid A that is dispersed. This recycling reduces the effi 
ciency of contacting because of mixing of a portion of 
liquid B that is relatively rich in solute with the body 
of liquid B that is relatively lean in solute, thus undoing 
part of the extraction that was previously accomplished. 
As already indicated, other factors than relative concen 

trations of a given substance which is at least partially 
soluble in both of the liquid phases cause similar changes 
in relative volumes of the two liquid phases in the re 
stricted contacting zones and, consequently, reduce the 
operation of a reciprocal or double dispersion process to 
an effectively single dispersion operation (wherein the 
dispersion of one liquid in a single direction only is effec 
tive for achieving intimate contact, the alternate disper 
sion in the opposite direction being ineffective). Thus, 
temperature changes and fluctuations in the flow in the 
contactor may cause relative volume changes. 

it is, therefore, an object of the present invention to 
provide an improved method and apparatus for intimately 
contacting two counter-flowing at least partially immis 
cible liquids having relatively different densities wherein 
each fluid is alternately and effectively dispersed into a 
continuous body of the other. Another object is to pro 
vide such method and apparatus for contacting two at 
least partially immiscible liquids by reciprocal dispersion 
wherein separate bodies of substantial depth of both liq 
uids are maintained during an extended sequence of al 
ternate dispersions. A further object is to provide ap 
paratus for alternately dispersing two counter-flowing 
liquids, one into the other, simultaneously at two or more 
consecutive dispersing members affording restricted flow 
passages and means adapted to maintain substantially 
automatically a predetermined constant liquid-liquid in 
terface level between the two liquids, said level being 
substantially intermediate the two dispersing members. 

Other objects will become apparent from the following 
description. 

In summary, the method of the present invention is 
an improvement in the process of flowing two at least par 
tially immiscible, relatively lighter and heavier liquids 
countercurrently through a series of partitions that have 
flow passageways and are spaced apart to provide inter 
vening confined contacting zones within each of which 
there is established a continuous body or layer of the 
heavier liquid in contact with the lower partition and 
a superposed continuous body or layer of lighter liquid 
in contact with the upper partition, and alternately (a) 
dispersing lighter liquid through the pasageways of each 
partition into the body of heavier liquid adjoining the 
partition in the next contacting zone toward one end of 
the series and (b) dispersing the heavier liquid through 
each partition through the passageways of each partition 
into the body of lighter liquid adjoining the partition in 
the next contacting zone toward the other end of the 
series. The improvement resides in maintaining both the 
continuous bodies of liquid within each confined zone at 
Substantial depths despite changes in the relative vol 

10 

5 

20 

25 

30 

35 

40 

45 

60 

65 

70 

75 

4. 
umes of the liquids by the step of transferring part of 
the liquid that undergoes an increase in volume from 
a given stage to the adjoining zone toward which the 
other liquid is dispersed only during the dispersal of 
the latter liquid; transfer of the stated liquid is prefer 
tably into the body of the same liquid in the said ad 
joining Zone. 
The transfer of the stated liquid is preferably effected 

automatically by disposing said pasageways to provide 
separate, simultaneous and direct communications be 
tween the said adjoining zone and a number of points 
distributed through a range of levels in the given stage; 
these passages may communicate with the said adjoining 
zone at a common level but will, in most embodiments, 
communicate therewith also with points distributed 
through a range of levels. 
For example, in the case wherein the heavier liquid 

is a solvent that increases in volume by the transfer 
of solute from the lighter liquid, it is the heavier liquid 
that is transferred to a higher stage simultaneously with 
the dispersal of lighter liquid into the body of heavier liq 
uid in the adjoining higher stage. With apparatus ar 
ranged as described in the preceding paragraph, the inter 
face level between the bodies of light and heavy liquid 
within the given Zone is below the said range of levels 
from which the passageways establish separate and direct 
communications to the adjoining higher zone when said 
bodies are at the proper depths within the zone; as long 
as this condition prevails no corrective transfer of heavier 
liquid is made. However, as the alternate dispersions 
proceed there is a small but progressive increase in the 
volume of the heavier liquid relative to that of the lighter 
liquid, and the interface rises and eventually enters the 
said range of levels; when this condition is reached, during 
the upward dispersion of lighter liquid, one or more of 
the passageways will transport heavier liquid upwards 
into the higher stage simultaneously with upward flow 
of lighter liquid through the other pasageways. This 
automatically corrects for the undesired shift in the inter 
face level. On the subsequent downward dispersion, 
only heavier liquid is dispersed. It is seen that the cor 
rective action occurs immediately upon the occurrence 
of any shift in the interface large enough to move the 
interface into the said range of levels, whereby any ex 
tensive shift in the position of the interface is prevented. 
This corrective transport of heavier liquid upwards may 
continue through one or more cycles, until the interface 
level is again below the said range of levels. 

According to an optional variant of the invention, the 
above-described corrective transfer of liquid is practiced 
and, in addition thereto, the effective volume of one or 
more contacting Zones is alternately increased and de 
creased. This is advantageously effected by decreasing 
the effective volume of the contacting zone during the 
dispersion of the liquid that tends to increase in volume 
(i.e., during the downward dispersion in the example of 
the preceding paragraph), so that the quantity of such 
liquid that is dispersed out of the zone through one par 
tition exceeds the quantity of the same liquid that is simul 
taneously dispersed into the zone through the other par 
tition thereof; and by increasing the effective volume of 
the Zone during the alternate dispersion of the liquid that 
tends to decrease in volume, whereby the zone receives 
a relatively greater quantity of that liquid than is ex 
pelled simultaneously. This added step perse and the ap 
paratus for effecting this alternate increase and decrease 
in the effective volume of the zone are described in de 
tail and claimed in our copending application Serial No. 
255,692, filed November 9, 1951, now Patent No. 
2,728,550. 

It is, of course, not essential that an exactly constant 
level be maintained within each compartment or con 
tacting zone; the objects of the invention are realized 
When the tendency to deplete one of the continuous bodies 
of liquid is stopped. 
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The invention further provides novel apparatus within 
which the method may be practiced, providing a series 
of chambers Serially connected through openings in par 
titions that constitute dispersing members. Thus, the ap 
paratus may comprise an elongated, preferably upright, 
yessel provided with a pair of feed conduits communicat 
ing near the two ends thereof, respectively, for the liquids 
to be contacted, a pair of withdrawal conduits com 
municating near the two ends thereof, respectively for 
the contacted liquids, a wall structure such as a plurality 
of plates having orificial openings of any desired shape, 
e.g., circular or slot-like, for the discharge of the liquid 
as Small drops or as filamentous jets that are disrupted 
into droplets by the drag imposed thereon upon flow 
through the continuous body of the other liquid, said 
dispersing members being arranged within the vessel to 
divide it into a plurality of compartments or chambers 
along its long axis, and means for causing flow of the 
liquids through the said openings alternately in opposite 
directions. Additional inlets between the ends may be 
provided for feeding additional liquids, and additional 
withdrawal lines may be similarly provided. The means 
for causing flow of liquid in alternate directions may be a 
pair of Surge pumps connected to the ends of the vessel, 
or the partitions may be moved vertically, both being 
shown in the aforesaid Van Dijck Patent, No. 2,011, 186, 
or the feed pumps that force the liquids into the termi 
nal compartments may be used by manipulation of valves, 
as described hereinafter; the invention is not concerned 
with any specific means for effecting this alternate flow. 
The particular improvement according to the inven 

tion relates to the arrangement of the passageways 
through the partitions between consecutive chambers. 
These passageways are disposed to establish separate, 
simultaneous and direct communication between one 
chamber and a plurality of points distributed through a 
range of levels in the adjoining chamber. In the pre 
ferred and simplest embodiment, this is achieved by po 
sitioning the partition wall to extend through different 
elevations (e.g., vertically or inclined) and the wall has 
openings distributed throughout a range of levels; it is 
evident that in such an embodiment the several open 
ings or passages communicate directly with points in the 
first-mentioned chamber that are likewise distributed 
through a range of levels, whereby the apparatus is 
adapted to effect corrective transfer in either direction, 
and is therefore generally applicable regardless of whether 
the lighter or the heavier liquid tends to increase in 
volume. However, the partition may also be a horizontal 
plate having most openings at a common level and hav 
ing an open-ended tube connected to one or more open 
ings and extending into one of the chambers for com 
munication therewith at a level displaced from the level 
of the partition. One or more similar tubes may be 
optionally provided on the other side of the partition to 
extend in the opposite vertical direction, thereby making 
the horizontal plate also universally applicable. 

According to a specific feature of this invention, the 
said partitions are formed as upright tubes situated with 
in the upright vessel, the tubes being connected to the 
vessel wall by transverse, imperforate partitions situated 
at a level intermediate the ends of the tubes, the tubes 
being closed at the top and bottom and having openings 
at a plurality of levels both above and beneath the said 
imperforate partitions; in this case each tube defines with 
in itself a contacting chamber while the space outside the 
tubes and within the vessel wall and between each pair 
of imperforate partitions constitues another chamber. A 
particularly advantageous arrangement includes the 
mounting of a plurality or cluster of such tubes at a 
common level. 
Having now described the invention in a general man 

ner, a more detailed description will be given with ref 
erence to the accompanying drawing forming a part of 
this specification and showing certain preferred embodi 
ments thereof by way of illustration, wherein: 
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Figure 1 is an elevation view of one embodiment of 
i apparatus, parts being broken away to show more de 

tail; 
Figure 2 is a transverse sectional view, taken on the 

line 2-2 of Figure 1; 
Figure 3 is a fragmentary and diagrammatic represen 

tation of a part of the column in Figure 1 showing the 
desired depths of the bodies of liquid; 

Figure. 4 is a view like Figure 3 but showing the dis 
placement of the liquid-liquid interface levels due to in 
crease in the volume of the lighter liquid relatively to the 
heavier liquid; 

Figure 5 is a fragmentary vertical sectional view of a 
modified construction of the apparatus having a vertical 
perforated plate and horizontal septa extending alternate 
ly to opposite sides of the vessel wall; 

Figure 6 is a fragmentary vertical sectional view of a 
further modification using walls arranged as in Figure 
5 but showing modified dispositions of the orificial open 
lings, 

Figure 7 is a fragmentary vertical sectional view of a 
further modification employing parallel, inclined, perfo 
rated plates; 

Figure 8 is a fragmentary vertical sectional view of a 
further modification employing assemblies adapted to be 
bolted between sections of the vessel and using inclined 
perforated plates that are inclined alternately toward op 
posite walls of the vessel; 

Figure 9 is a vertical sectional view of a perforated 
plate provided with dispersing means that permit the 
use of larger openings in the plate; - 

Figure 10 is a perspective view of a part of the plate 
of Figure 9; 

Figure 11 is a vertical sectional view corresponding to 
Figure 9 and showing a modified dispersing means; 

Figure 12 is a perspective view of a part of the plate 
of Figure 11; - 

Figure 13 is a vertical sectional view corresponding to 
Figure 9 and showing a further modification of a dis 
persing means; 

Figure 14 is a perspective view of a part of the plate 
of Figure 13; 

Figure 15 is a fragmentary vertical sectional view of a 
further modification of a column using horizontal per 
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forated plates with tubes extending therefrom; and 
Figure 16 is an elevation view of another embodiment 

of the apparatus, parts being broken away to show detail. 
Referring to the drawings in detail, and particularly 

to Figures 1 and 2, the apparatus is designed for inti 
mately contacting relatively heavier liquid moving down 
wardly through an upright column 20 with relatively 
lighter liquid moving upward. The column is fitted with 
a plurality of vertically spaced contacting assemblies, each 
including a horizontal, imperforate partition plate 21 that 
is sealed peripherally to the column wall; only two plates 
21 and 21c and parts of two other assemblies appear in 
this view of the drawing, it being understood that any 
desired number can be mounted within the vessel. These 
plates have one or more, e.g., three openings for Sup 
porting a corresponding number of upright tubes 
22-22b' that extend internally unobstructed above and 
below the plates and are closed at the top and bottom 
by closure walls 23. These tubes have perforations 24 
distributed circumferentially as well as through ranges of 
levels situated both above and beneath the partition plates 
21. While in certain instances a single tube 22 may be 
mounted in each horizontal plate (see Figures 3 and 4), 
it is advantageous in the case of large diameter columns 
to mount a plurality of such as a cluster and at a common 
level at each horizontal imperforate partition, three such 
tubes 22, 22 and 22', or 22a, 22a' and 22a', etc., being 
shown in the drawing. The plurality of tubes of each 
cluster operate in parallel and jointly constitute a con 
tacting Zone or compartment stage. Thus, the vessel is 
subdivided into a series of contacting chambers or com 
partments at progressively different elevations as follows: 
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The space A above the uppermost plate 21 and outside 
the uppermost tubes 22-22' is the first or upper terminal 
compartment; the spaces B within the uppermost tubes 
22-22' jointly constitute the second stage compart 
ments; the stage Cimmediately below the uppermost plate 
21 and above the next plate (not shown) and outside the 
tubes constitutes the third chamber; the spaces D within 
the next cluster of tubes 22a-22a' jointly constitute the 
fourth stage compartments, etc. It will be noted that 
the tube walls constitute vertical perforated partitions be 
tween consecutive compartments, and that the perfora 
tions 24 provide separate, simultaneous and direct connec 
tions between points situated at different elevations within 
one compartment and corresponding points situated at 
different elevations within the adjoining compartments; 
also each pair of consecutive compartments is vertically 
overlapping in that the bottom of the higher compartment 
is below the top of the lower compartment. The ter 
minal compartments A and G serve as settling Zones as 
well as contacting Zones. o 
The terminal compartments A and G communicate 

with feed conduits 25 and 26, respectively, having valves 
27 and 28, and with withdrawal conduits 29 and 30, re 
spectively, having valves 31 and 32. The compartment 
A further communicates through a conduit 33 with the 
cylinder of a reciprocating surge pump 34 having a 
movable piston 35, while the compartment G communi 
cates through a conduit 36 to the cylinder of a recipro 
cating surge pump 37 having a movable piston 38. The 
pistons are connected at 39 and are driven by a common 
drive means (not shown) by a shaft 40. The pistons are 
thus seen to move in unison and to have the same strokes, 
but since the pistons are oppositely disposed, the pumps 
operate 180° out of phase with each other. The cross 
sectional areas of the pump cylinders may be made the 
same or different, as shown, in accordance with the de 
sired relation between the volumes of liquid displaced 
thereby. Branch pipes 4 and 42, having normally closed 
valves 43 and 44, may be provided for venting the lines, 
for servicing or for operating a mechanism by which the 
effective volumes of one or more compartments are 
altered, as described hereinafter for Figure 16. 
The operation of the apparatus is as follows: Heavy 

and light liquids to be contacted are supplied through 
the conduits 25 and 26, respectively, and within each of 
the several compartments A, B, etc., there is established 
a layer of heavier liquid and a layer of lighter liquid. 
When the column is filled the introduction of light and 
heavy liquids is preferably intermittent, as described 
herein, although continuous admission may be used; 
starting with both pistons of the surge pumps at the left 
as shown, valves 28 and 32 are open, valves 27 and 3 
are closed. During the first half-cycle, lighter liquid is 
admitted through the conduit 26 into the bottom of the 
column while the surge pumps are moved toward the 
right; the latter causes liquid to be forced into the top of 
the column via the conduit 33 and liquid to be withdrawn 
from the bottom of the column via conduit 36. Simul 
taneously, contacted heavy liquid is discharged through 
the conduit 30. The effect of the surge pumps is to cause 
liquid to flow downwards through the column. In this 
flow heavier liquid is forced out from the bottom of each 
of the compartments A, B, C, etc., through the perfora 
tions 24 and is dispersed into the body of lighter liquid 
in the adjoining, lower compartment for a short time, e.g., 
from a quarter of a minute to five minutes, the rate of 
movement of the surge pump pistons being such as to 
complete one stroke in this period. The dispersed drops 
of heavier liquid settle through the continuous bodies of 
lighter liquid and augment the bodies of heavier liquids 
in the respective compartments. During the second half 
cycle, the valves 27 and 31 are open, the valves. 28 and 
32 are closed, and the pistons move toward the left while 
heavier liquid is admitted through the conduit 25 and 
contacted lighter liquid is withdrawn via conduit 29. 
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8 
The pistons cause liquid to be forced into the bottom of 
the column via conduit 36 and liquid to be withdrawn via 
conduit 33, thereby causing lighter liquid to be forced out 
from the top of each compartment through the same 
perforations 24 and to be dispersed into the continuous 
body of heavier liquid in the adjoining, higher compart 
ment for a short time, usually equal to that of the first 
half-cycle. The dispersed drops of lighter liquid settle 
upwards to augment the bodies of lighter liquid in the 

When this action is completed 
another complete cycle is begun. It will be understood 
that the valves 27, 28, 31 and 32 may be operated auto 
matically, e.g., by cam mechanisms, not shown, in syn 
chronism with the movements of the pump pistons. 
The above preferred operation has the advantage that 

the feed liquids can be supplied at moderately low pres 
Stres; however, it is also possible to supply them at other 
times, e. g., the lighter liquid may be supplied while the 
pistons move toward the left and the heavier liquid sup 
plied while the pistons move toward the right, provided 
appropriate supply pressures are available, or these liquids 
Day be supplied continuously. Similarly, the contacted 
liquids may be withdrawn at other times, or continuously. 

it may be noted that when a surge pump takes suction 
it draws liquid from one of the end compartments. It is 
not important whether the lighter or heavier liquid is 
drawn in; however, it is preferred to connect the conduits 
33 and 36 near the extremities of the column, as shown, 
beyond the interface levels in the terminal compartments, 
whereby the conduit 33 receives settled lighter liquid and 
the conduit 36 receives settled heavier liquid. As regards 
the strokes of the pistons, it is preferred to move them 
gradually and slowly, so as to extend the strokes through 
out the respective half-cycles; but it is also possible to 
Erove them more rapidly, so as to complete the stroke 
during an early part of the half-cycle, e. g., at the be 
ginning, prior to, or during the early part of the time 
that feed liquid is supplied, or at the end, during the 
last part of or Subsequent to the time that feed liquid is 
Supplied to the column. 

Often the settling of the dispersions formed in one 
half-cycle is not completed by the time the subsequent 
half-cycle is begun, and minor amounts of very small 
droplets of each liquid that are slow in settling are still 
in Suspension in the other liquid. Hence, a minor amount 
of lighter liquid is re-dispersed downwardly through the 
openings 24 of the perforated partitions with the heavier 
liquid while a minor amount of heavier liquid is re-dis 
persed upwardly with the lighter liquid. To compensate 
for this recycling it is desirable to design the sizes of the 
surge pumps to flow through the perforated partitions 
during each half-cycle a greater volume of liquid than the 
net volume of the same liquid that traverses the per 
forated partitions in the course of a complete cycle. 
The net volume of liquid traversing a partition is ap 
proximately equal to the volume thereof admitted by the 
feed conduits. 

In an operation wherein no change in the relative 
volumes of the two liquids occurs as they flow through 
the column, certain simple relationships exist between 
the volumes. For instance, during the described first 
half-cycle, if the volume of liquid entering the chamber 
A from the Surge pump 34 is H, then the volume of 
heavier liquid dispersed from each compartment to a 
lower compartment between effective partitions (con. 
sidering the several tubes of the same cluster collectively 
as one compartment and as defining two effective parti 
tions, one above and the other below the imperforate 
plate 21) is H. Thus, the volumes of heavier liquid 
gained and lost by each compartment (between effective 
partitions) are the same and, therefore, the liquid-liquid 
interfaces within each compartment remain constant at 
the completion of each cycle. This relation is also true 
in the other half cycle of operation, wherein a volume 
L of liquid enters the chamber G from the surge pump 
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37 and equal volumes L of lighter liquid flow 
the several effective partitions. 
The action of the apparatus in compensating for a 

change in the relative volumes of the liquids will now be 
described with reference to Figures 3 and 4, which show 
portions of the column, but wherein only one tube is 
shown at each imperforate partition plate. Figure 3 
shows only chambers B, C, D, E and F, and illustrates 
the desired positions of the liquids, such as would result 
from the condition considered in the preceding para 
graph. The depths of the liquid bodies are approximately 
equal within the several compartments, and the interface 
levels P are situated so that each effective perforated 
partition has only heavier liquid on one side and lighter 
liquid on the other side. Now consider the situation 
wherein the heavier liquid entering the top of the column 
contains a solute which can transfer to the lighter liquid, 
causing the volume of the latter to increase. Assume, 
for example, that ten volumes of composite heavier 
liquid is dispersed into the contacting zone defined by 
chamber D from the chamber C through the perforated 
partition defined by the upper part of the tube 22a, with 
resultant transfer of one volume of solute to the lighter 
phase; this leaves a net intake of only nine volumes of 
heavier liquid into the chamber D. Simultaneously, ten 
volumes of heavier liquid are dispersed out from the 
bottom of the chamber D into the chamber E. The net 

through 

effect is that the volume of lighter liquid has increased 
by one volume while that of the heavier liquid has de 
creased by the same amount. On the next half-cycle, 
if ten volumes of lighter liquid are dispersed upwardly 
from the chamber E into the chamber D, additional trans 
fer of solute occurs, with a further diminution of the 
volume of the heavier liquid by, say, one volume and an 
equal increase in the volume of the lighter liquid; simul 
taneously, ten volumes of lighter liquid are dispersed 
from the chamber D into the chamber C. Upon comple 
tion of the cycle, there has been a net increase in the 
volume of the lighter liquid by two volumes, and a net 
decrease in the volume of the heavier liquid by two 
volumes, whereby the interface level P is depressed as 
shown in Figure 4. This action occurs in all of the 
several contacting zones, although not necessarily to the 
same extent, and Figure 4 shows the interface levels P 
depresed also in the adjoining chambers, but by smaller 
distances. 

It is readily seen that if no provision were made to 
compensate for this shift in the interface level, after an 
extended sequence of cycles the layer of heavier phase 
would assume a very thin depth. In prior art methods 
and apparatus, wherein horizontal perforated plates are 
used, this results in ineffective contacting during disper 
sion of lighter liquid because the lighter liquid jets through 
a shallow layer of heavier liquid and enters the layer of 
lighter liquid without effective contact with the heavier 
liquid. The result is that only the downward dispersions 
of heavier liquid are effective, and the contacting efficien 
cy is materially reduced. Moreover, when the layer of 
heavier liquid is thin it is rapidly exhausted during the 
downward dispersion. 
Now by the construction according to the invention, no 

more than a minor shift in the interface level can occur. 
If, for example, the interface P in the chamber D falls 
to the level of the highest holes 24 of the lower part of 
the tube, as shown in Figure 4, lighter liquid will be 
transported through those holes into the lower stage E. 
simultaneously with the dispersal of heavier liquid 
through the other holes from chamber D into chamber 
E. This downward transport occurs only during the dis 
persal of the heavy liquid, which tends to decrease in 
volume in relation to the other liquid; on the alternate dis 
persion of lighter liquid upwards, all holes pass only 
lighter liquid. As a result of the downward transport 
of the lighter liquid, the depth of the layer of lighter 
liquid within chamber D is decreased, while that of the 
layer of heavier liquid is increased, thereby restoring the 
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interface level P toward the position shown in Figure 3. 
While the transport of lighter liquid toward a lower 
stage represents a small loss in efficiency, it prevents the 
far greater loss due to the change from an effective 
double or reciprocal dispersion system to a single disper 
sion system, as noted above. Furthermore, the transport 
method of maintaining the interface level at the desired 
height and, consequently, the depths of the continuous 
bodies of liquids is automatic and requires no external 
control. 

if, for any reason, a greater shift in interface level. 
occurs such as to bring lighter liquid opposite additional 
holes below the highest holes of the lower part of the 
tube, additional holes come into play during the corrective 
flow and correspondingly larger quantities of lighter liquid 
are transported to the lower stage. Hence, the construc 
tion automatically varies the quantity of lighter liquid 
that is transported during the dispersion of the heavier 
liquid. 

It is evident that a similar corrective action occurs when 
the interface level rises, e.g., due to an increase in the 
volume of the heavier liquid relative to that of the lighter 
liquid; in this event heavier liquid is transported to a 
higher stage during the dispersion of lighter liquid to the 
adjoining higher compartment, the heavier liquid flowing 
through the lowermost holes of the upper part of the tube 
and the lighter liquid flowing through the other holes. 
Only heavier liquid is dispersed through all holes during 
the alternate dispersions into consecutive lower compart 
ments. 

Example 
The utility and advantage of the method and apparatus 

are demonstrated by the data shown in the table below. 
A contactor of the fixed-plate type as described in the 
Van Dijck Patent No. 2,011, 186, was operated, starting 
with layers of equal thickness in each compartment and 
operating with alternate (dual) dispersion, as described 
above. After a short period of time the thickness of the 
upper layer of light phase decreased so that its ratio to 
the thickness of the heavy phase was about one-tenth. In 
a comparative experiment, the ratio of the thicknesses of 
the layers was held at about unity; operational variables 
other than this ratio were maintained the same. The re 
sults were: 

Efficiency of IFour 
Thickness of Plate Contractor 

Layer of 
Light Phase 

patio of Light to Heavy Phase 

Theoretical Percent 
Stages Eff. 

--- about 0.2 in... 
-- about 1.0 in--- 

about 0.1.----------- 
about 1.0------------ 

2.5 63 
3.8 - 95. 

The results, shown in the table demonstrate that in 
order to secure the benefits of the two-phase reciprocal 
dispersion, it is necessary to operate the contactor in such 
a manner as to maintain the ratio of the thicknesses of 
the two liquid phases at a value not greatly different from 
one (say from a ratio of about 1:4 to a ratio of about 
4:1). It has been found that this ratio should preferably 
be maintained between about 1:2 and 2:1, unless some 
liquid property, such as excessive viscosity of one phase, 

Preferably, the minimum thickness 
of each layer should be at least three inches, although 
the data in the foregoing table indicate that thicknesses 
as low as one inch can be used; the exact optimum value 
is dependent upon such factors as the properties of the 
dispersed phase, including viscosity, surface tension, and 
the like, which properties affect the rate of drop forma 
tion after travel through the orificial opening, the jet veloc 
ity of the stream, the rate of transfer of solute from one 
liquid to the other, etc. 
The perforated tubes 22 of Figures 1-4 may be con 

structed of any material which is not reactive with the 
liquids to be contacted and which has the required struc 
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tural characteristics, such as rigidity. Thus, they may be. 
made of glass or metal. The tubes may vary in size de 
pending upon the size of the installation, fluid charac 
teristics of the system to be contacted, etc. It has been 
found that, in general, tubes in the neighborhood of about 
two to four inches in diameter and from about eighteen 
inches to about twenty-four inches in length are satisfac 
tory for commercial-sized columns. The number of tubes 
in each plate assembly may be varied to suit the individual 
capacity requirement very much as one varies the size 
of a bubble plate for a fractionating column. The num 
ber of plate assemblies may also be varied to suit the 
requirements of the process. The perforations should 
each be of such size and number as to give the desired 
quantity and type of dispersion. Perforations of the 
order of about twenty-five to seventy-five thousandths of 
an inch diameter have been found to be suitable for sys 
tems of the character of methyl isobutyl ketone-water 
acetic acid. The spacing of the perforations may be 
varied in many ways; thus, it has been found advantageous 
to arrange the perforations so that a relative small number 
of thern will be involved in the corrective transport of 
the liquid that tends to increase in volume. With larger 
size openings, suitable dispersing action may be obtained 
by a corresponding increase in the jet velocity, i. e., by 
an increase in the driving pressure. 
The wall structure subdividing the vessel 20 into cham 

bers may have other arrangements, as shown in Figures 
5-15. 

Referring to Figure 5, the column 20 contains a vertical 
partition plate 45 having perforations 46 and sealed along 
its vertical margins to the opposite walls of the column. 
The partition is further connected to the column by hori 
Zontal septum plates 47 that are mounted alternately on 
opposite sides of the partition and are sealed thereto and 
to the column wall, so as to define a series of chambers 
A, B, C, etc., that communicate with one another only 
through the perforations 46. The operation of this col 
umn is as previously described; as shown in this view, 
each compartment is filled with a layer of heavier liquid 
and a layer of lighter liquid, the thicknesses of these layers 
being shown to be equal. Should any shift in the interface 
level occur, corrective action occurs as was described 
above. 

Figure 6 shows a construction similar to that of Figure 
5 but differing in that the perforations 48a, 48b in the 
partition 45 are inclined so that the ends of the passages 
communicating with the higher chamber and lower than 
the other ends; thus, the termini of the holes connecting 
chambers A and B are higher toward the latter chamber. 
Moreover, if desired the perforations may be curved so 
that their sections in a vertical plane are convex toward 
the nearest horizontal septum; thus, the upper perfora 
tions 48a in each effective plate are upwardly convex and 
the lower perforations 48b are curved convexly down 
wards. 

Figures 7 and 8 show variants employing inclined per 
forated plates. In the former, the plates 49 are parallel 
and inclined between the horizontal and vertical and have 
perforations 50 distributed through different levels within 
each plate. The plates are sealed to the column wall and 
define chambers A, B, C, D, etc. In Figure 8, the con 
tacting assemblies are adapted to be bolted between 
flanged sections of the column 20 and include a pair of 
oppositely inclined plates 51, 52, each having perforations 
53 distributed throughout different levels of each plate. 
Each assembly further includes a vertical imperforate 
plate 54a and a horizontal septum plate 54 that is clamped 
between the column sections. This structure divides the 
column into the compartments A-D, shown. The opera 
tion of these columns is at that previously described. 
The relatively small openings used in the partitions of 

Figures 1-8, as well as in Figures 15 and 16 described be 
low, may be replaced with larger-openings which offer less 
resistance to fluid fow and are less likely to become fouled 
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by solid foreign matter. In order to effect the desired 
dispersing action when using perforated piates with larger 
openings, the alternating pressures delivered by the surge 
pumps may be suitably increased and/or deflecting sur 
faces may be placed near the openings to cooperate with 
the openings and produce a dispersing effect. Various 
shapes may be employed. As shown in Figures 9 and 10, 
the plate 55 may have large openings 56 and a wedge 
shaped deflector bar 57 secured by supports 58. In 
Figures 1 and 12, the plate carries inclined deflectors 
59 on both sides of the openings 56, while in Figures 
13 and 14 the plate carries a conical deflector 69 opposite 
each side of each opening 56, mounted on a bar 61 and 
Supports 62. Although these perforated partitions were 
shown to be horizontal, the deflectors may be applied 
to the vertical or inclined partitions previously described. 
When herizontal perforated plates are used, the re 

quirement that different points distributed through a 
range of elevations in one chamber be simultaneously, 
separately and directly connected to the adjoining cham 
ber is met by providing one or more transport tubes; 
such tubes may extend upwards from the plate for down 
ward corrective transport of lighter liquid in the event 
that the lighter liquid tends to increase in volume, or 
may extend downwards from the plate for upward cor 
rective transport of heavier liquid in the event that the 
heavier liquid tends to increase in volume. In the em 
bodiment shown in Figure 15, both upwardly and down 
wardly extending tubes are provided, making the de 
vice useful for either type of corrective transport. 

In Figure 15, the column 20 is provided with hori 
Zontal partition plates 63 having perforations 64 sinnilar 
to the apparatus of the Van Dijck Patent No. 2,011, 186. 
However, the plates carry transport tubes 65 extending 
upwards from each plate and also transport tubes 66 
extending downwards from each plate; as was noted 
above, either the tubes 65 or the tubes 66 may be omitted, 
depending upon the nature of the liquids to be contacted. 
These tubes are open at both ends, the ends nearest the 
plate being mounted at an opening so as to communicate 
with the chamber on the opposite side of the plate. The 
open ends of the tube away from the plate are shown to 
be slightly less than half-way toward the next plate, 
so as to be immersed in the body of liquid that wets the 

5 plate on which the tube is mounted. The tubes are of 
restricted sizes, or contain flow restrictive devices, such 
that they offer about the same resistance to the flow of 
liquids as other perforations. 

In operation, so long as the interface levels P are cor 
rect, as illustrated, the perforations and all tubes func 
tion to carry and disperse lighter liquid upwards during 
the half-cycles wherein the surge pumps force liquid into 
the bottom of the column and withdraw it at the top, 
and heavier liquid downwards during the alternate half 
cycles, as contemplated by the Van Dijck patent. Hence 
the tubes 65 and 66 serve merely to pass additional liquid 
of the same kind as is passed by the perforations, beth 
on the upward and downward dispersals. If, however, 
the volume of lighter liquid increases and the interface 
level P in any chamber falls until the lighter liquid con 
tacts the upper, open end of a tube 55, this tube trans 
ports lighter liquid into the adjacent lower chamber simul 
taneously with the downward dispersal of heavier liquid 
(through the perforations 64) into said adjacent com 
partment on one stroke of the surge pumps; during the 
opposite stroke of the surge pumps, all perforations and 
tubes carry lighter liquid upwards. The net effect is 
that the interface level in the stated chamber is raised. 
Similarly, if the volume of the heavier liquid increases 
and the interface level in any chamber rises until the 
lower, open end of a tube 66 is contacted, heavier liquid 
is transported upwards into the adjacent higher chamber 
simultaneously with the upward dispersal of lighter liquid 
(through the perforations 64) into said adjacent compart 
ment on one stroke of the Surge pumps; during the op 
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posite stroke of the surge pumps, all perforations and 
tubes carry heavier liquid downwards. 

Figure 16 shows a variant of the apparatus wherein 
means are provided for alternately increasing and de 
creasing the effective volume of a chamber defining a 
contacting Zone; it further illustrates a variant for caus 
ing flow of liquids through the perforations alternately 
in opposite directions without recourse to surge pumps, 
although surge pumps are shown as one possible means. 
In this view the column 20 is shown to contain the wall 
structure previously described for Figure 5 and have feed 
and discharge conduits and surge pumps as described for 
Figure 1, all bearing corresponding reference numbers. 
The heavy liquid feed conduit 25 is connected to a pump 
67 taking suction from a measuring tank 68 to which 
feed liquid is supplied through a supply conduit 69 and 
valve 70 from a source, not shown. Similarly, light 
liquid is supplied through a supply conduit 71, valve 72, 
measuring tank 73 and pump 74 to the conduit 26. 
One or more intermediate compartments, e. g., the 

compartment F, is formed as an expansible chamber situ 
ated in part within the column 28 and in part outside 
of it; the latter part is enclosed in a cylinder 75 that com 
municates with the interior of the column through an 
opening in the column wall at an intermediate level of 
the compartment and is provided with a floating piston 
76 which thus forms a movable wall of the respective 
compartment F, constituting a means for altering the 
effective volume of the compartment or contacting zone. 
A fixed stop member 77 projecting inwardly from the 
wall of the cylinder limits the inward movement of the 
piston 76 (in the direction which decreases the volume 
of the compartment). The cylinder is provided with an 
adjustable stop member 78 which may be adjusted in any 
of various ways, either manually or automatically, to 
limit the outward movement of the piston 76 at desired 
displacements thereof. Thus, the stop may be adjusted 
manually at any axial position and clamped thereby set 
Screws 79. 
The adjustable stop 78 is preferably actuated auto 

matically by any suitable positioning mechanism con 
trolled by a liquid-liquid interface level-responsive device 
that measures the apparent liquid-liquid interface in the 
contacting zone with which the stop is associated, thereby 
automatically varying the piston displacement from time 
to time as required. A level-responsive device and stop 
positioning mechanism are diagrammatically shown here 
in and are merely indicative of known level-responsive 
and positioning devices that may be used. In the em 
bodiment shown, a float chamber 80 is connected to the 
upper and lower parts of the compartment F by large 
conduits 81 and 82 and contains a float 83 that has a 
buoyancy to assume a position at the interface between 
the lighter and heavier liquids. The float is pivotally con 
nected at 84 and 85 to levers 86 and 87 that extend out 
of the float chamber and are fulcrumed in the wall of the 
chamber and sealed thereto against leakage of liquid. 
The outer ends of the levers are pivotally connected to 
a link 88 having an intermediate notch 89 that provides 
a pair of abutments for moving a rod 98 up or down 
about a fixed pivot 91. The free end of rod 90 is pivotal 
ly connected to one end of a link 92, the other end of 
which is pivotally connected to the movable end of a 
second link 93 having a fixed pivot 94. A third link 95 
is pivotally connected between the stop 78 and the link 
92. It is evident that when the interface level in the 
chamber 80 rises the float 83 also rises, thereby depress 
ing the link 88 and rotating the rod 90 counter-clockwise. 
This rotates the link 93 in a clockwise direction and 
moves the stop member 78 to the right, to increase the 
displacement of the piston 76. Similarly, a drop in the 
interface level causes the stop member 78 to be moved 
to the left. This specific relation between the direction 
of the stop movement and the change in the interface 
level is intended for the situation described below, where 
in the volume of the relatively lighter liquid tends to de 
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14 
crease in relation to that of the heavier liquid; when the 
volume of the lighter liquid tends to increase in rela 
tion to that of the heavier liquid the linkage is arranged 
to move the stop 78 to the left when the interface level 
SeS. 

it will be noted that the outer end of the cylinder 
75 is closed and that the piston 76 divides the cylinder 
into inner and outer spaces 97 and 98, respectively. The 
outer space 98 is connected by a conduit 99 and valve 
100 to means for alternately forcing fluid into the space 
98 and withdrawing fluid therefrom. For example, the 
conduit 99 may be connected to the conduits 33 or 36 
by the conduits 41 and 42, respectively. The conduits 
33 and 36 may be provided with shut-off valves 101 
and 102. 

In operation, only one of the valves 43 and 44 is open 
and the other is closed, while the valve 100 is normally 
open. The selection of the connection of the conduit 
99 depends on the direction in which the liquid-liquid 
interface tends to move due to changes in the relative 
volumes of the liquid phases. In the example to be de 
scribed, wherein the lighter liquid tends to decrease in 
volume relatively to the heavier liquid tending toward 
a rise in the interface level, the valve 43 is opened, placing 
each space 98 into communication with the surge pump 
34, and the valve 44 is closed; when the relative volume 
change occurs in the opposite sense, the valve 43 is 
closed and valve 44 is opened, placing the space 98 
into communication with the surge pump 38. When 
the pressure in the conduit 99 and space 98 exceeds the 
pressure in the contacting zone F the floating piston 76 
is moved leftward to the positions determined by the 
stops 77 thereby decreasing the effective volume of the 
zone; when the pressure in the space 98 is less than 
that in the contacting zone the piston moves rightward 
until it engages the stops 78. Thus, the floating piston 
is actuated by fluid pressure. 
As employed, for example, to extract a petroleum hy 

drocarbon fraction with a selective solvent having a higher 
density, such as furfural, these liquids are admitted 
through the inlet conduits 71 and 69, respectively. They 
flow countercurrently through the column 20 until each 
contacting zone contains some of each of these liquids. 
In each zone the heavier liquid settles to the bottom and 
the lighter liquid rises to the top, so that there is a body 
of substantial thickness of liquid phase consisting sub 
stantially only of the heavier liquid on the upper side of 
each plate 47 and a body of substantial thickness of 
liquid phase consisting substantially only of the lighter 
liquid in contact with the lower side of each plate; this is 
shown in Fig. 5. The openings 46 in the perforated plate 
are of such dimensions as to result in flow resistance 
great enough to prevent any appreciable liquid move 
ment through the openings caused only by the difference 
in specific gravities of the liquids. Now the two counter 
flowing liquids are alternately dispersed, one into the 
other, by forcing the liquids through the openings 46 
alternately in opposite directions, and contacted lighter 
and heavier liquids are withdrawn through the conduits 

* 29 and 30, respectively. Several modes of operation are 
possible and will be described in succession. 

In the first mode, pressure for effecting the alternate 
dispersions is derived entirely from the feed pumps. The 
valves 43, 100, 101 and 102 are open but the surge pumps 
34 and 37 are not used; they may be removed or locked 
against reciprocation. In the first half-cycle of the oper 
ational cycle the light-liquid valves 28 and 31 are open 
and the heavy-liquid valves 27 and 32 are closed; the 
piston. 76 is at the left, whereby the contacting Zone F is 
at minimum effective volume. A measured amount V1 
of lighter liquid, preferably less than the volume of light 
liquid contained in one contacting zone, is admitted under 
pressure by pump 74 to the bottom settling zone G, the 
quantity being measured, for example, by reference to 
the change in level in the measuring tank 73. For 
example, this tank may be tall and of small cross section 
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and be filled from the conduit 71 to a first predetermined 
level, and thereafter liquid may be withdrawn by the 
pump 70 to a second predetermined level; this may be 
done automatically by providing level responsive devices 
(not shown, but known per se) for closing the valve 72 
when the first predetermined level is reached and stop 
ping the pump when the second predetermined level is 
reached. A volume V1 of light phase is thereby forced 
through openings in the lowermost dispersing plate (the 
part of the plate 45 between zones F and G) into a contin 
uous layer of heavy liquid phase in the adjoining coin 
tacting zone F, and light phase is formed from said Zone F 
through the next plate and is dispersed into the layer 
of heavy liquid in the adjoining Zone D. This action 
is repeated in each Zone, whereby a dispersion of light 
liquid phase in heavy liquid phase is formed insext to each 
perforated plate and previously settled light phase is 
forced from the uppermost settling zone A and dis 
charged through the conduit 29. 

During the second half-cycle, the valves 28 and 3 
are closed and valves 27 and 32 are open, and a volume 
V2 of the heavier liquid is delivered to the uppermost 
zone A by a pump 67 and measured in the tank 68, this 
quantity V2 being preferably less than the volume of heavy 
liquid contained in one contacting zone. This volume 
may be selected independently of V1; thus, it may be 
equal to, greater than, or less than V1. This flow causes a 
volume V2 of the heavier liquid to be dispersed from the 
bottom of each zone (except G) through the openings 
46 of the partition into the body of lighter liquid in the 
upper part of the adjoining, lower zone, and previously 
settled heavy phase is forced from the lowermost settling 
zone G and discharged through the conduit 30. 
When the interface level between the bodies of lighter 

and heavier liquid phases rises due to an increase in the 
volume of the solvent that constitutes the heavier liquid 
phase, corrective transport of heavier liquid to a higher 
compartment occurs during the dispersion of lighter 
liquid into the higher compartments, as was described in 
detail earlier herein. In this embodiment, however, a 
further compensating mechanism, viz., the piston 76, is 
employed. During the first half-cycle described above, 
the pressure in the uppermost Zone A and, therefore, that 
in the space 98, are less than that in the Zone F; hence, 
the floating piston 76 moves toward the right until stopped 
by the adjustable stop 78 to increase the capacity of ef 
fective volume of the zone F. As a result the quantity 
of light liquid that is dispersed from the Zone F into the 
Zone D is less than the quantity of light liquid that is 
dispersed into the zone F from the Zone G. During the 
second half-cycle, the pressure in the Zone A and, there 
fore, that in the space 98 are greater than that in the 
Zone F; hence the piston 76 moves toward the left until 
stopped by the fixed stop 77 to decrease the capacity or 
effective volume of the Zone F. As a resuit the quantity 
of heavy liquid that is dispersed from the zone F into 
the zone G exceeds the quantity that is dispersed into the 
zone F from the Zone D. This alternate expansion and 
contraction of the effective volume of the zone F and 
the resultant changes in the flow quantities compensate 
for the decrease in the volume of the light liquid flowing 
through the zone F. 
The extent of the change in effective volume during 

each half-cycle may be made such that the tendency for 
a shift in the interface level is exactly compensated for. 
Theoretically, the position of the stop 78 can be deter 
mined by calculations, or by trial and error; however, 
it is usually more expeditious to rely upon the action 
of the float 83. For a detailed discussion of the optimum 
changes in effective volume, reference is made to our 
aforesaid copending application, Serial No. 255,692, now 
Pat. No. 2,729,550, wherein alternate embodiments of 
the apparatus are also described. Since, however, in the 
apparatus of the instant invention there is the further 
corrective action due to transport of the liquid that tends 
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16 
to increase in volume, it is possible to adjust the stop 
78 manually and clamp it by the screw 79 at a position 
to give a travel to the piston 76 that is suitable under 
most conditions to produce complete compensation, and 
then rely upon the transport of liquid to take care of 
minor corrections due to fluctuations in level. It is seen, 
therefore, that by combining the two ideas it becomes 
possible to simplify the construction by eliminating the 
float and linkage mechanism. 
The apparatus according to Figure 16 may also be 

operated in other ways. For example, the surge pump 
34 or 37 may be used to actuate the piston 76 by closing 
the valves 9 and 102. Considering further the sys 
tem of liquids described above, wherein the heavier liquid 
increases in volume, valve 44 remains closed and valve 
43 remains open, and Surge pump 37 is not used. The 
feed pumps 67 and 74 and the valves in the feed and 
discharge conduits are operated exactly as described 
above to cause flow of liquid through the perforated parti 
tions in alternate directions. The surge pump 34 is 
reciprocated to make a stroke to the left during each 
first half-cycle (while lighter liquid is introduced at the 
bottom and dispersed) and to make a stroke to the right 
during each second half-cycle. It is evident that this 
causes the pressure in the space 98 to be alternately de 
creased and increased to cause the same reciprocations 
of the piston 76 and the same alternate expansion and 
contraction of the effective volume of the zone F as were 
described above. 

According to still another mode of operation, the valves 
01 and 102 are open and both surge pumps 34 and 37 

are used to cause the movement of liquids through the 
perforated partitions in alternate directions, as described 
previously for Figures 1 and 2; the feed pumps 67 and 74 
are in this case operated to supply the feed liquids con 
tinuously or intermittently as also described for Figures 
1 and 2. The piston 76 is actuated by keeping the valves 
43 and 100 open and the valve 44 closed, to cause alter 
nating pressures to be established in the space 98 in the 
manner described in the preceding paragraph. 

It is evident that in any of the modes of operation 
described, the valve 43 would be closed and the valve 44 
open when the lighter liquid increases in volume rela 
tively to the heavier liquid. The movements of the piston 
76 will thereby be opposite to those described above. 

It will be further understood that various modifica 
tions may be made on the controls themselves without 
changing the principles involved. For example, the piston 
76 may be actuated by cams instead of the hydraulic 
pressure. Likewise, the piston and cylinder may be re 
placed by a suitable diaphragm, metallic bellows, plunger 
that extends into the compartment F to occupy a variable 
space, etc. The control piston may also be spring- or 
pneumatically-loaded so that it stores up sufficient energy 
on the suction stroke to provide for the discharge. More 
over, it is possible to equip only some chambers with 
the perforated plates having passageways connecting 
points at different elevations for automatic transport of 
the liquid that tends to increase in volume and to con 
struct one or more other chambers as variable-volume 
chambers; the latter may then have horizontal perforated 
partitions with all perforations at a common level, as 
described in the aforesaid copending application Serial 
No. 255,692 now Patent No. 2,729,550. 
We claim as our invention: 
1. In a reciprocal dispersion process, wherein pairs 

of continuous contacting bodies of different liquids A 
and B are established as layers within confined contact 
Zones arranged as a series, each said Zone being sepa 
rated from the adjacent zone by a partition means pro 
viding a plurality of restricted flow openings, and the 
liquid A. from each zone except the first in the series is 
dispersed repeatedly into the body of the liquid B in 
the adjoining zone toward the first end of the series by 
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passage through said flow openings, in alternation with 
repeated dispersals of the liquid B from each Zone ex 
cept the last in the series into the liquid A in the ad 
joining zone toward the other end of the series bypas 
sage through the same flow openings, and wherein said 
liquids A and B are flowed progressively through the 
zones with the liquid B is flowing from the first end to 
the said other end and the liquid. A flowing in the op 
posite direction, the improvement which comprises cor 
recting for a diminution in the depth of the contacting 
body of one liquid and the corresponding increase in the 
depth of the contacting body of the other liquid within 
the same contacting Zone by transporting a part of the 
latter liquid from said zone through a fractional portion 
of said flow openings only during the dispersal of said 
one liquid into the adjoining Zone in the direction toward 
which the said one liquid is dispersed. 

2. Method of contacting at least partially immiscible 
liquids having relatively different densities the first of 
which liquids increases in volume relatively to the second 
liquid upon being contacted therewith, which comprises 
the steps of establishing a succession of contacting bodies 
of said first liquid alternating with contacting bodies of 
said second liquid, there being one continuous body of 
each of said liquids within each zone of a series of con 
fined contacting zones as superposed layers in direct 
contact with each other; alternately (a) dispersing first 
liquid from the body of first liquid in each Zone except 
the first in the series as a plurality of fine streams into 
an adjoining body of second liquid in an adjacent con 
tacting zone toward the first end of said series and (b) 
dispersing second liquid from the body of second liquid 
in each zone except the last in the series as a plurality 
of fine streams into an adjoining body of first liquid in an 
adjacent contacting zone toward the other end of said 
series; and maintaining the depths of said Superposed 
layers by transferring first liquid from at least one con 
tacting body thereof into a contacting body of first liquid 
in an adjacent contacting zone toward said other end of 
the series only during the said dispersion step (b). 

3. In combination with the method according to claim 
2, the step of decreasing the effective volume of at least 
one of said confined contacting zones during the disper 
sion step (a) and increasing the effective volume of said 
one zone during the dispersion step (b). 

4. Method of contacting at least partially immiscible 
liquids having relatively different densities the first of 
which liquids increases in volume relatively to the second 
liquid upon being contacted therewith, which comprises 
the steps of establishing a succession of contacting bodies 
of said first liquid at progressively different levels alter 
nating with contacting bodies of said second liquid, there 
being one continuous body of each of said liquids within 
each zone of a series of confined contacting Zones as 
superposed layers in direct contact with each other and 
separated from each other by a liquid-liquid interface, 
said bodies being situated so that the bottom of the 
lower liquid body within each Zone except the lower 
most zone is below the top of the upper liquid body in 
the adjacent lower zone, each said lower liquid body being 
separated from the said upper liquid body in the adjacent 
zone by a partition and being in communication there 
with through a plurality of flow openings distributed 
through a range of levels; alternately (a) dispersing first 
liquid from the body of first liquid in each zone except 
the first in the series through said openings into an ad 
joining body of second liquid in an adjacent contacting 
Zone toward the first end of said series and (b) dispers 
ing second liquid from the body of second liquid in each 
zone except the last in the series through said openings 
into an adjoining body of first liquid in an adjacent con 
tacting zone toward the other end of said series; and 
maintaining the depths of said superposed layers by trans 
ferring first liquid from at least one contacting body 
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thereof into a contacting body of first liquid in an adja 
cent contacting zone toward said other end of the series 
simultaneously with the said dispersion step (b) when 
ever the said interface in said one contacting zone is at 
a level within said range of levels. 

5. Apparatus for intimately contacting at least par 
tially immiscible liquids having different densities by re 
ciprocal dispersion comprising, in combination: a series 
of more than two adjoining enclosed chambers having in 
tervening partitions, each of said partitions having a 
plurality of simultaneously open, restricted flow passage 
ways extending through said partitions and interconnect 
ing said chambers serially, the flow passageways through. 
at least one partition opening into the chamber adjoining 
one side thereof directly at a plurality of levels within 
the adjoining chamber; a pair of feed conduits for the 
liquids to be contacted communicating with chambers. 
respectively at the ends of the series; a pair of withdrawal 
conduits for the contacted liquids communicating with: 
chambers respectively at the ends of the series; and means 
for causing movements of the liquids in said chambers 
through said passageways alternately in opposite di 
rections. - 

6. Apparatus according to claim 5 wherein the pas 
sageways through said one partition open into the cham 
ber adjoining the other side of said partition directly at 
a plurality of levels within said last-mentioned chamber. 

7. Apparatus according to claim 5 wherein said inter 
vening partition extends through different elevations and 
said passageways are orificial openings therein situated 
at progressively different levels. 

8. Apparatus according to claim 7 wherein said in 
tervening partition is substantially vertical. 

9. Apparatus according to claim 7 wherein said in 
tervening partition is inclined between the vertical and 
the horizontal. 

10. Apparatus according to claim 5 wherein said in 
tervening partition is horizontal and said passageways 
include a plurality of orificial openings through the par 
tition and at least one tube extending from said parti 
tion into said adjoining chamber and in flow communica 
tion with said adjoining chamber at a level spaced from 
the partition and with the chamber adjoining the other 
side of the partition substantially at the level of the 
partition. 

11. In combination with the apparatus according to 
claim 5, means for alternately increasing and decreasing 
volume of at least one of said chamber intermediate the 
ends of the series. 

12. Apparatus for intimately contacting at least par 
tially immiscible liquids having different densities by re 
ciprocal dispersion comprising, in combination: an up 
right vessel; a wall structure within said vessel subdivid 
ing the vessel into a series of confined contacting cham 
bers situated at progressively different elevations, said 
wall structure including partition walls that are situated 
between consecutive chambers and extend through dif 
ferent elevations, whereby the bottom of the higher 
chamber of the pair of chambers separated thereby is 
below the top of the lower chamber of said pair, each of 
said partition walls having a plurality of simultaneously 
open, orificial openings situated through a range of levels 
therein and opening into the chambers adjoining the par 
titions directly at a plurality of levels within the said 
chambers; a pair of liquid feed and liquid draw-off con 
duits communicating with said vessel at each end thereof; 
and means for causing fow of liquids through said orifi 
cial openings alternately in opposite directions. 

13. Apparatus according to claim 12 wherein said par 
tition walls are vertical and in the form of tubes situated 
within said vessel and spaced from the vessel wall, and 
said wall structure further includes imperforate walls 
closing the ends of the said tubes and additional im 
perforate walls extending from said tubes outwardly to 

I5 the vessel wall, the said confined contacting chambers 
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being alternately within said tubes and outside the tubes. 
14. Apparatus according to claim 12 wherein said par 

tition walls are inclined between the vertical and the 
horizontal and consecutive partitions are substantially 
parallel. 

15. Apparatus according to claim 12 wherein said par 
tition walls are inclined between the vertical and the 
horizontal and consecutive partitions are inclined al 
ternately toward opposite sides of the vessel. 

16. In combination with the apparatus according to 
claim 12, means for alternately increasing and decreas 
ing the effective volume of at least one chamber inter 
mediate the top and bottom of said vessel synchronously 
with said alternate flow of liquids through the orificial 
openings. 

17. As a subcombination, a contacting assembly for 
use in reciprocal dispersion column, including an upright 
tube closed at the vertical extremities and provided with 
a plurality of orificial openings distributed through the 
height thereof; and an imperforate partition extending 
laterally from the tube at a height intermediate the said 
extremities thereof and adapted to form a transverse par 
tition within an upright vessel, both the portion of the 
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tube above the partition and the part below the parti 
tion having some of the said openings situated at pro 
gressively different levels. 

18. Apparatus for intimately contacting at least par 
tially immiscible liquids having different densities com 
prising, in combination: an upright vessel; a wall struc 
ture within said vessel including a pirality of tubes. 
situated side by side at substantially a common level and 
closed at their top and bottom extremities and an imper 
forate partition situated outside of said tubes at a level 
intermediate the said extremities thereof and sealed to 
said tubes and to the inner wall of the vessel, said tubes 
having orificial openings distributed through a range of 
levels situated above said imperforate partition and ori 
ficial openings distributed through a range of ieveis sit 
uated beneath said imperforate partition. 
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